Abstract: Problem statement: An optimal control on two axes and design for solar tracker which called altitude and azimuth is challenge. Approach: The phototransistor with the shade that blocks the screen was employed as a detector of solar beam radiation. The height of the screen determined the sensitivity operation or period of tracking in this solar tracker. The phototransistor is particularly designed to detect solar bean radiation thoroughly through the two axes with the operating time. The mechanism of this solar tracker is that it has a capacity of solar tracking in every 10 min, approximately, which respond in terms of time at about 37° sec −1 with and operating point at 0.3 sec.
INTRODUCTION
From the past decades, several techniques and experiment conduction has been developed for solar tracking device for an alternative source of energy, solar energy (ElGizawy et al., 2010; Marghany and Hashim, 2009) . Based on the tracking principles (Roth et al., 2004) , we can classify the controlling process into 3 processes namely passive control unit, microprocessor control unit and electro-optical control unit (Konar and Mandal, 1991) . Passive control unit is basically a system conducted without any electronic device. It engages in the stage of change in liquid substance. The liquid masses lift the solar cell in motion in order to track the solar energy. The advantage of this controlling unit is that it does not require any electricity to receive solar energy and it is less fragile. However, the accuracy is quite low. On the other hand, microprocessor control unit is the opposite. It is more accurate. In addition, it tracks solar energy by microprocessors and computes the solar position with the equation. Nonetheless, the device is more expensive and requires users' nurture. Finally, electro-optical control unit tracks the sun by a solar detecting device that is sensitive to solar radiance. Simple equipment such as photo diodes, phototransistors and LDR are employed in the device of our working station (Koyuncu and Balasubramanian, 1991; Kalogirou, 1996) . The system might not study under the cloudy sky condition or the lack-of-sunlight condition because less solar energy diminishes the efficiency of the device. On the contrary, it is not necessary to detect solar radiance all the time. We only start the tracking function when the appropriate time approaches. For instance, the period of time when it is plausible to obtain the highest solar energy during the day.
Devices setup and design:
The device uses the shading method to detect solar energy with a direct circuit motor controlling the whole system created with photodiodes. The photodiode faced perpendicularly to the sun, permanently. The design is sub divided into two categories; detecting circuit, driver motor circuit.
Solar tracking devices:
In this study, we select phototransistor as the solar detecting device. The semantic of solar detection is the solar position in this case. The altitude direction of the detection addresses the solar position by the shade of parabolic shade. As shown in Fig. 1a , when the semantic of solar position is parallel to the phototransistors, the parabolic shape phototransistors will receive solar energy in the 'ON' condition. In addition, when the sun orbits to its former position, the shades will form a shadow from and the phototransistor status will be on the 'OFF' condition. Note that the 'OFF' condition denotes little to no current flow in the system. Consider the semantic 'ON' status as '1' and 'OFF' status as '0'. The phototransistor facing direction is 60°. Therefore, in order to detect solar energy all the way through the altitude, we designed our device to contain 6 phototransistors; J 1 , J 2 , J 3 , J 4 , J 5 and J 6 . As shown in Fig. 1b , the characteristic of this design assures that the device is capable of detecting solar energy whenever it begins. The height of the shade 'y' is computed as the equation below.
Where: x = The distance from the shade to the edge of the phototransistor θ = The degrees angle of the sun which moves from its original position
The digital circuit constructs Table 1 with an arithmetic Boolean logic as expressed in Eq. 2 and 3. From both equations, we obtain a logic gate equation as displayed in Fig. 2 . Where, Q 1 and Q 2 is the output of the solar detecting circuit which begins the motor in the altitude direction:
The light detector circuit in Fig. 2 is able to implement as the print circuit board which illustrated in Fig. 3 . The semantic of the azimuth direction is most likely compatible to altitude direction. It also developed six phototransistors namely K1, K2, K3, K4, K5 and K6. 
Motor driver circuit:
This experiment is conducted by the main source of power or motor which functions both altitude and azimuth directions. Two 12 volt direct circuit motors are employed in the device. The motor test from head gear indicates that the motor speed is at 8 rpm. This part is split into two significant parts which are the altitude part and azimuth part. The motor structure is as displayed in the Fig. 5 and 6. 
Structure:
The structure is divided into half. The mechanism of the first half or altitude is that the sensor must be attached to a shade metal in a perpendicular direction. The motor obtains a ratio of gear at 1:1 in the axle of the motor as in Fig. 7a . The azimuth function consists of a metal pipe with a 5 cm. diameter and 30 cm. in length. Place two bullets both head and tail of the rotating stand. The same type of motor is being used in the axle.
Device testing:
The testing semantic for this device consists of two significant tasks; the time feedback response and the accuracy of the device. A 100-watt bulb is part of this experiment test. We test this solar parabolic tracker device by tracking the 100 watts bulb and its position. This process is done in order to evaluate the speed of this device in terms of its tracking function. Methods: When the prototype of a sun tracking system is done. It shows in Fig. 11 . Then, testing characteristic of the system is conducted consequently. Firstly, determine responses time or sensitivity of the system when 3 difference positions lamp is appeared, 15°, 50° and 90° respectively. Then, measure the error of the sun tracking angle under variable sky condition. And finally, evaluate the total sun tracking angle error. Fig. 8-10 , the graph illustrates the signal at the pole of the altitude motor of the solar parabolic tracking device. The oscilloscope indicates that the vertical axis is the pressure and the horizontal axis is time. From the experiment testing section, we adopt the bulbs in three directions; 15, 50 and 90°, respectively. The result of time response and speed are as shown in Table 2 .
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The average of time response of the system is at approximately 37° min −1 and the speed of it position tracking is 0.3 sec. The system evaluation by placing this device to the 'ON' status permanently, under the circumstance of clear sky condition, manifests that there is only 2.5° erroneous angle in the system. This experiment testing session is conducted three days from 7 am to 6 pm of May 2, 3 and 4, 2009 . Note that on the certain dates, the condition of the sky is clear for the rest of the day. The least error that we have obtained is 0.3° and the most error is at approximately 5° as shown in Fig. 12 . 
DISCUSSION
The sun tracking system which is proposed in this article is able to track the sun under clear sky and partly cloudy sky. In worse case, this tracking system disable when there have not a sun under the overcast sky. The maximum sun tracking error appears in daytime during low solar altitude angle (morning and evening). However, the sun tracking error decreases when the solar altitude angle increases. And the error is less than 1% when tracking angle approach the zenith. The advantage of this research is able to apply in practical work. In the future, improving a precision and an accuracy of this system would have to develop.
CONCLUSION
From the experiment, we have come to a conclusion that the system respond in terms of time at 37° min −1 . This is considered as the most progress result from the past research. The accuracy of solar position tracking function satisfied our goal as well.
There is only an average of 2.5° error shown. Assuming the velocity rate of the sun is averagely 15° h −1 , the parabolic solar tracker must track the solar energy at about every 10 min consecutively. The experiment also shows that the error rate diminishes as the solar radiance expand. However, the device might not be as perfectly exact in the angle position of the solar radiance. However, we hope to develop this device to be more exact in the position.
